Movement characteristics and present seismic activity of Ordos Block  by Gao, Lixin et al.
w.sciencedirect.com
g e o d e s y and g e o d yn am i c s 2 0 1 6 , v o l 7 n o 6 , 4 5 1e4 5 8Available online at wwScienceDirect
journal homepage: www.keaipubl ishing.com/en/ journals /geog;
http : / /www.jgg09.com/jweb_ddcl_en/EN/volumn/home.shtmlMovement characteristics and present seismic
activity of Ordos BlockLixin Gao*, Di Hou, Juan Li, Shuanhu Li, Yong Dai, Feng Xiong,
Hongying Yang
Seismological Bureau of Inner Mongolia Autonomous Region, Hohhot 010010, Chinaa r t i c l e i n f o
Article history:
Received 14 June 2016
Accepted 16 July 2016






Seismic activity* Corresponding author.
E-mail address: glx_nm.email@163.com (
Peer review under responsibility of Instit
Production and Hosting by Elsev
http://dx.doi.org/10.1016/j.geog.2016.07.008
1674-9847/© 2016, Institute of Seismology, Ch
Communications Co., Ltd. This is an open accea b s t r a c t
The present horizontal movement of the Ordos Block is the result of the movement
interaction between the Ordos Block and the mainland of China. The main dynamic
sources are the northeastern pushing by QinghaieTibet Block, and the northwestern
extension of the northern margin of the block. The latest GPS velocity field observational
evidences shows that the velocity field of Ordos Block and around has a significant change
from 1999 to 2015, and the change is significant in the northeast margin, the northwest
margin, the southwest margin, and the southeast margin of the block. The velocity of left
lateral movement of the northsouthern margin of Ordos Block is much larger than the right
lateral movement of its eastsouthern margin. By using the seismic data of Ordos Block
since 1970, the analysis of strain accumulation, strain release, stress distribution, and
stress field show that the northern margin of Ordos Block is the main active area not only
in the block edge, but also in North China. The strain around Ordos Block has been accu-
mulating continuously since 2000, and this is the longest period of strain accumulation
since 1970. Some signs of strain relief appeared after Alashanzuoqi Ms5.8 earthquake in
2015. There are some areas with extremely large strain anomalies appear in the northern
margin of Ordos Block.
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TheOrdos Block is located in thewest of North China Block,
its northern margin is connected with the Northeastern Block
area, the western margin borders Western Block and Qing-
haieTibet Block, the southern margin is close to South China
Block, and the eastern margin is in the North China Block.
Ordos Block is surrounded by active tectonic blocks, the
northern side is Yanshan Block, the western side is Alashan
Block andQilian Block, the southern side is South China Block,
and the eastern side is North China Plain. Ordos Block is an
active block which is an important participant in Cenozoic
andmodern tectonic activities of North China area [1], and it is
an important transition region adjacent to the Tibetan
Plateau, its tectonic activity, dynamic source and seismic
activity characteristics attract many researchers' attention,
and many representative results have been published [1e25].
China is one of the countries which have the most conti-
nental strong earthquakes, and its land area accounts for 7%
of the world, but continental earthquakes accounted for 33%
of the world. The distribution of strong earthquakes in Chi-
nese mainland is obvious inhomogeneous, the basic pattern
of seismic activity is intense in west and weak in east, this
pattern not only appears in the intensity, but also in the fre-
quency. The Ms  7.0 earthquakes occurred only 4 times in
Eastern Chinese mainland since 20th Century, and Tangshan
Ms7.8 earthquake in 1976 is the biggest one, the other strong
earthquakes all occurred in the Western Chinese mainland,
especially Wenchuan Ms8.0 earthquake in 2008, Yushu Ms7.3
in 2013 and Lushan Ms7.0 earthquake in 2010. Since 1980s, in
the Eastern Chinese mainland, there are only 3 Ms  6.0
earthquakes, and the largest one is the Baotou Ms6.4 earth-
quake in 1996. After the Zhangbei Ms6.2 earthquake in 1998,
the strong earthquakes in the Eastern Chinese mainland
remained in quiescence. In this background, an Ms5.8 earth-
quake occurred on April 15, 2015, located in the AlashanZuoqi,
Inner Mongolia, northwestern margin of Ordos Block. The
research about the movement characteristics, the dynamic
source and the current seismic behavior of Ordos Block guided
the study of the seismic law of different active episode in the
fourth active period in North China, in particular for the study
of the characteristics of the seismic activity of the sixth active
episode.2. Characteristics of the tectonic activity at
the margin of Ordos Block
Ordos Block including the peripheral rift system and the
Ordos stable block. As a II-class tectonic block, it has a multi-
level structural system. Shanxi Fault system, Weihe Fault
system, Yinchuan Fault system and Hetao Fault system are
the secondary structural units around Ordos Block. In the
eastern margin of the Ordos Block, the Shanxi Fault system is
composed of 5 major rift basins and basin margin faults.
Weihe Fault system, located at southern margin of Ordos
Block, mainly consists of Weihe Basins and Weihe Basin
margin faults. Yinchuan Fault system, located at western
margin of Ordos Block, consists of Yinchuan Basin and JilantaiBasin. Hetao Fault system located at northernmargin of Ordos
Block, is composed of Hubao Basin, Baiyanhua Basin and
Linhe Basin (Fig. 1).
The fault systems around Ordos Block consist of basins.
The inclined directions of the mountainous region at basin
margin and around Ordos Block are very different. The in-
clined direction of mountainous region, located at eastern
margin of Ordos Block, is mainly from southeast to east. In the
southern margin of Ordos Block, the mountainous region tilts
to south. In the western margin of Ordos Block, the moun-
tainous region tilts to the northeast. In the northernmargin of
Ordos Block, the mountainous region tilts to north or north-
east. The inclined directions of the basins around Ordos Block
are also dissimilar. From north to south, the basin at the
eastern margin of the Ordos Block, the main direction tilts
from south to north and east. In the southernmargin of Ordos
Block, the basin tilts to south. In the western margin of Ordos
Block, the basin tilts to northeastern east. In the northern
margin of Ordos Block, the basin tilts to north. The differences
of the inclined directions of these mountainous regions and
the basins reflect the huge differences in tectonic activity
around Ordos Block, and those differences are particularly
obvious in seismic activity (Fig. 1).
The Ms  6.0 earthquakes in margin of Ordos Block in re-
cord show that the seismic activities are quite different in
different areas of the margin of Ordos. There are several
Ms  8.0 earthquakes and Ms  7.0 earthquakes occurred in
the eastern, southern andwesternmargin area of Ordos Block,
such as Shanxi Hongdong Ms8.0 earthquake in the eastern
margin of Ordos Block in 1303, Shanxi Huaxian Ms8.3 earth-
quake in the southern margin of Ordos Block in 1556, Ningxia
Pingluo Ms8.0 earthquake in the western margin of Ordos
Block in 1739, but in the northernmargin of Ordos Block, there
were no Ms  8.0 earthquakes, and only one Ms  7.0 earth-
quake is Baotou Ms7.0 earthquake in AD 849 (Fig. 1).3. Movement characteristics of Ordos Block
3.1. Basic movement characteristics of Ordos Block
The southwestern boundary of Ordos Block is a compres-
sional tectonic belt, Ordos Block is peripherally surrounded by
conjugate shearing tension belt [14]. Some researches show
that the differences in horizontal movement of the margin
area of Ordos Block are obvious [15e19]. The northern
margin of the Ordos Block has the right lateral movement,
and the southern margin of the Ordos Block has the left
lateral movement, so the overall movement characteristics
of the northern and southern margin of the block are
contradictory. Most of the studies suggested that the
movement of the Ordos Block is stable since the Late
Cenozoic [2,13,22].
The present horizontal movement of Ordos Block can be
considered as a result of the superposition of the twomotions:
one is the counter clockwise rotation of Ordos Block itself, and
the other one is the whole movement of Ordos Block and the
eastern continent of China. The superposition of these two
motions formed the macroscopic manifestation of the hori-
zontal movement of Ordos Block [2].
Fig. 1 e The map of tectonics and earthquakes in Ordos Block and neighboring area.
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By using the GPS regional network data of North China in
1999 and 2015, the results of the velocity field in the North
China regionwere obtained by themethod of fusion algorithm
and the coseismic displacement deduction. On the basis of
these, the results of the filtered velocity field are carried out
using the whole motion deduction and the multi kernel
function method (Fig. 2) [26e29]. The results show that the
velocity field of North China has changed significantly in
2009e2013, 1999e2007 and 2013e2015, especially in
northeastern, northwestern, southwestern and southeastern
margins of the Ordos Block, the velocity field change is more
significant.
Same as the whole movement direction of Ordos Block, we
analyzed the direction and velocity variation of every edge of
Ordos Block from 1999 to 2015. The velocity field in 1999e2007
shows that (Fig. 2a) in the eastern margin of Ordos Block, the
dominant direction of the whole movement is NEE, the
average velocity is about 1.5 mm/yr; in the northern margin
of Ordos Block, the dominant direction of the whole
movement is NNW, the average velocity is about 1.6 mm/yr;
in the western margin of Ordos Block, the dominant
direction of the whole movement is NNE, the average
velocity is about 2.0 mm/yr; in the southern margin of Ordos
Block, the dominant direction of the whole movement is
SEE, the average velocity is about 1.5 mm/yr. The eastern
and the western margin of Ordos Block showed the rightlateral movement characteristics, the northern and the
southern margin of Ordos Block showed the left lateral
movement characteristics, the results are consistent with
the basic motion characteristics of the Ordos Block. The
dominant movement of Ordos Block is NEeNW, and its
movement characteristic is counter clockwise rotation
although the velocity is relatively small, the average velocity
of the movement is less than 1.0 mm/yr. We also analyzed
the direction and speed variation of the margin area of
Ordos Block from 2009 to 2013 (Fig. 2b), and the results show
that in the eastern margin of Ordos Block, the dominant
direction of the whole movement is NNWeEES, the average
velocity of the movement is only about 0.7 mm/yr; in the
northern margin of Ordos Block, the dominant direction of
the whole movement is NW, the consistency of the
movement direction of each area is quite good, and the
average velocity of the movement is about 2.0 mm/yr; in the
western margin of Ordos Block, the movement direction is
NWeNE from north to south, the average velocity of the
movement is about 1.8 mm/yr; in the southern margin of
Ordos Block, the dominant direction of the whole movement
is ES, and the average velocity of the movement is about
1.0 mm/yr. The results of velocity field from 2013 to 2015
show that (Fig. 2c), the dominant direction of the whole
movement is NE in the eastern margin of Ordos Block, and
the average velocity of the movement is about 0.8 mm/yr; in
the northern margin of Ordos Block, the movement direction
vary greatly, NE and NW, from eastern to western margin of
Fig. 2 e Filtering results of GPS velocity field in North China
(according to Zhigang Shao). (a) From 1999 to 2007; (b) From
2009 to 2013; (c) From 2013 to 2015.
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about 2.0 mm/yr; in the western margin of Ordos Block, the
movement directions are NNEeNW from north to south, the
average velocity of the movement is about 3.0 mm/yr; in thewestern margin of Ordos Block, the dominant direction of
the whole movement is NEE, the average velocity of the
movement is about 2.5 mm/yr.
The velocity fields of Ordos Block in 1999e2007, 2009e2013
and 2013e2015 reveal that in the different periods, the motion
field of the same geographical position has significantly
changed. The most obvious areas include northeastern,
northwestern and southwestern margin area of Ordos Block.
According to those three periods of observation results, in the
area from the west of Beijing to the ShanxieHebeieInner
Mongolia border region, which is the northeastern margin of
Ordos, the movement direction is NEEeESSeNEE. The move-
ment direction variation in the second period was nearly 90,
and in third period, the movement direction changed back to
what it was in the first period. The movement direction of
Hohhot showed no obvious change in the first two periods, but
in the third period, it had a clear deflection and changed from
NW to NE. The movement velocity has no obvious change
during all three periods, the blocking characteristics are
obvious in Datong Basin and Qiding Basin, and the velocity of
the movement is only about 0.3 mm/yr. In the northwestern
margin of Ordos Block, the movement direction of Yin-
chuaneJilantai Basin experienced deflection and recovery
during the three periods, the direction changed from NNW to
NW, then changed back to NNW, the movement velocity
showed no obvious change in the first two periods, but it
enlarged obviously in the last period. In the southwestern
margin of Ordos Block, the movement direction has no
obvious change during the three periods, but the velocity has
changed obviously from large to small, then changed bigger.
The observation of these three periods shows that the south-
western margin area of Ordos Block has the largest velocity of
movement in the whole Ordos Block.
According to the filtered result of GPS velocity field in
1997e2007, 2009e2013, 2013e2015, we consider that the
eastern and western margin of Ordos Block showed obvious
right lateral movement characteristics, the northern and
southern margin of Ordos Block showed left lateral move-
ment characteristics. The result of 2013e2015 shows that the
largest velocity of the movement is in the southwestern
margin of the block, which indicates that the pressure of
QinghaieTibet Block NE extruding is increasing with time
passing (Fig. 2aec).4. The dynamic source of Ordos Block
The rotation of the block which is restricted by kine-
matics is an important tectonic movement in the crust, the
activity of boundary fault systems between blocks is
essentially the rotation of these blocks. In addition to the
movement of Ordos Block itself, Ordos Block is a participant
of the whole movement of the Eastern China, that kind of
movement pattern explains the difference in the rotation
type between the northern margin of the Ordos Block and
the southern margin of the Ordos Block. By “pushing-
obstructing model”, the dynamic source of Ordos Block is
the NE pushing by the northeast margin of QinghaieTibet
Block and the obstructing by Huanan Block and Yanshan
Block [2,13,23].
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Till 2015, there were 179 earthquakes with Ms  5.0
occurred in the margin of Ordos Block, including 12 Ms  7.0
earthquakes and 3 Ms  8.0 earthquakes. These 3 Ms  8.0
earthquakes are theMs8.0 earthquake in Shanxi Hongdong on
September 25, 1303; the Ms8.3 earthquake in Shanxi Hua on
February 2, 1556; and theMs8.0 earthquake in Ningxia Pingluo
on January 3, 1739. These three earthquakes distributed in the
eastern, western and southern margin of Ordos Block. The
northernmargin of Ordos Block is the only margin area which
have no Ms  8.0 earthquake record, the largest earthquake
recorded in the northern margin is the Ms7.0 earthquake in
the west of Baotou in AD 849. Although in the academic cir-
cles, there are still different understanding and views about
that earthquake, and even some researchers suggested that
the magnitude of this earthquake could be over Ms8.0
[11,30e32], in the official earthquake catalog, it is stillMs7.0, so
it is possible that the maximum magnitude recorded in the
northern margin of Ordos Block could be more than Ms8.0.
The frequency of Ms  7.0 earthquakes and the maximum
seismic intensity are very different between the northern
margin and the other three margins of Ordos Block, the
seismic activity in the northern margin of the block is in a
significant asymmetric position with the other three margins.
Among the 12 earthquakes withMs7.0e7.9 which occurred
in the margin of Ordos Block, there were 6 earthquakes
occurred in the eastern margin, 1 in the northern margin, 5 in
the western margin, 1 in the southern margin. The Ms6.0e6.9
earthquakes are mainly distributed in the eastern, western
and southern margin area. After Ningxia Haiyuan county
Ms8.5 earthquake which occurred on December 16, 1920,
during December 25, 1920eApril 12, 1921, there were 4 after-
shocks occurred continuously in the western margin of block,
the largest aftershock is Ms7.0, and after that, there were no
more Ms  6.0 earthquake in the eastern, western and
southern margin of Ordos Block. Between the Hohhot Bikeqi
county Ms6.0 earthquake in 1929 and the Zhangbei county
Ms6.2 earthquake in 1998, there were 7 earthquakes withFig. 3 e Distribution of seismic activity in Ordos Block margin.
epicenters since 1970 (Ms ≥ 4.0).Ms6.0e6.4 occurred in the northern and northeastern margin
of Ordos Block continuously, the largest one is the Baotou
Ms6.4 earthquake. So it means that after Haiyuan Ms8.5
earthquake in 1920, the activities pattern of Ms  6.0 earth-
quake in the margin of Ordos Block had changed significantly,
and the northern margin of Ordos Block became the main
active area (Fig. 3a). The modern instrument recorded
earthquakes with Ms  4.0 which occurred in the margin
area of Ordos Block show that all Ms  6.0 earthquakes
occurred in the northern margin since 1970, so the northern
margin of Ordos is not only the main active area of
moderateestrong earthquake, but also the main active area
of moderate earthquake (Fig. 3b).5.1. Strain accumulation and release characteristics
model based on GeR relationship
On the basis of the present research about complete
seismic catalog data [33e39], we analyzed the seismic data in
the margin of Ordos Block from 1970 to 2015 by using the
strain accumulation and release characteristics model based
on GeR relationship, and finally we got the results about the
strain accumulation and release of the margin of Ordos Block
from 1970 to 2015 [40]. The results show that the margin of
Ordos Block's strain accumulation and release experienced
two stages, the first stage is from 1970 to 2000, the second
stage is from 2000 to 2015. In the first stage, there were 3
cycles, each cycle had two basic processes which are the
strain accumulation and the strain release. In the second
stage, the strain accumulation began from 2000, and the
strain release didn't start until the AlashanZuoqi Ms5.8
earthquake on April 15, 2015 (Fig. 4a), which was proved by
the time series distribution of Ms  4.0 earthquakes in the
margin of Ordos Block (Fig. 4b). Because of the AlashanZuoqi
Ms5.8 earthquake on April 15 in 2015, the strain of the
margin of Ordos Block which had been accumulating
continuously for 15 years, had a pre release tendency. In
terms of the strain accumulation and release characteristics
of the three stages, the duration of strain release may be(a) Map of epicenters since recorded (Ms ≥ 5.0); (b) Map of
Fig. 4 e Strain accumulation and release of Ms ≥ 4.0 earthquakes in the margins of Ordos Block (1970e2015). (a) Curve of
strain accumulation and release; (b) Relation of magnitude with time.
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release in the margin area of Ordos Block.6. Conclusion and discussion
Hetao Basin is in the northern margin of Ordos Block, it is
composed of the Linhe Basin, the Baiyanhua Basin and the
HohhoteBaotou Basin from west to east. The thickness of the
Quaternary sediments in Hetao Basin gradually decreased
from west to east, the thickness can reach up to 2400 m in
Linhe Basin, and 1800 m in HohhoteBaotou Basin, but at
Eastern Hohhot, themaximum thickness is about 1200m, this
shows that the crustal extension of Western Hetao Basin is
larger than Eastern Hetao Basin. The thickness of the Qua-
ternary sediments in Weihe Basin, which is in the southern
margin of Ordos Block, gradually increased from west to east
during Pliocene epoch and Quaternary, it shows that the
crustal extension increased from west to east. The anti sym-
metry of the crustal extension between the northern margin
and southern margin of Ordos indicate the anti clockwise
rotation characteristic of Ordos Block, and it is a tectonic ev-
idence of the movement characteristics of Ordos Block [5,23].
There are 45 earthquakes with Ms  4.7 in the margin of
Ordos Block since 1970, 15 earthquakes occurred in the
eastern, southern, and western margin, the other 30 earth-
quakes occurred in the northern margin of Ordos Block
(including the northwestern corner and the northeastern
corner of Ordos Block), particularly all 5 earthquakes with
Ms  6.0 occurred in the northern margin. Considering the
northern margin of Ordos Block has become the main active
area of the periphery of Ordos Block since 1970, the study ofthe focal mechanism solutions and the present stress field of
the northern margin of Ordos may be representative and
reliable. The focal mechanism results of moderateestrong
earthquakes in northern margin of Ordos Block mostly are
strike slip earthquakes and the principal compressive stress
and tensile stress are main levels, the AlashanZuoqi Ms5.8
earthquake on April 15 in 2015 also is a strike slip earthquake.
The NEeSWextrusion and theNWeSE tension of the northern
margin of Ordos Block [8] not only represent the direction of
the principal compressive stress of the regional stress field,
but also reflect the regional characteristics of the stress field
in North China.
Using the seismic data, GutenbergeRichter found the
relation between magnitude and frequency, which is the b
value in the GeR relation [41]. The b value can describe the
statistical relationship between the magnitude and
frequency of seismic activity. Researches show that the
magnitude of the regional stress field is inversely
proportional to the b value, so b value not only reflect the
proportion relation between the strong and small
earthquakes, but also reflect the stress state of regional
stress field [42e48]. As an important seismic activity
parameter, b value is widely used in the analysis of regional
seismic activity and earthquake prediction. This research
use the data of the earthquakes with Ml  2.8 during
1970e2015 to analyze the integrity of magnitude, and obtain
the following results: LinheeJilantai Basin and HohhoteWest
Baotou Basin are two areas with obviously low b value,
DengkoueBenjing Fault, Hangjinhouqi Fault, Linhe Fault,
Wuyuan Fault and northern margin fault system of Ordos
Block have high b values. The Baotou Ms6.4 earthquake in
1996, the Bayinmuren Ms6.2 earthquake in 1976 and the
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areas with low b value.
The latest GPS velocity field observation from 1999 to 2015
show that the left lateral movement velocity of the northern
and southern margin of Ordos Block is much larger than the
right lateral movement velocity of the eastern and southern
margin of Ordos Block, which is in agreement with the
observation of the seismic geology and structural geology.
The northern margin and the southern margin of Ordos
Block have left lateral movement, and the eastern margin and
westernmargin of Ordos Block has right lateralmovement. An
explanation is that the present horizontal movement of the
Ordos Block is the result of the interaction between the Ordos
Block movement itself and the whole movement of the
mainland of China.
From the perspective of dynamic sources, Ordos Block is
pushed by QinghaieTibet Block from the northeast direction,
and there is a northwestern extension in the northern margin
of the block, and at the same time, it is influenced by the
Yanshan Block and the South China Block, so the relative
movement among the margins of Ordos Block cause the
counter clockwise rotation of Ordos Block.
After Haiyuan Ms8.5 earthquake in 1920, the northern
margin of Ordos became the main active area of strong
earthquakes not only at the block margin but also in North
China, andAlashanZuoqiMs5.8 earthquake onApril 15 in 2015
also occurred in this main active area. The strain around
Ordos Block has been accumulating continuously since 2000,
and it is the longest period of strain accumulating since 1970,
after the AlashanZuoqi Ms5.8 earthquake in 2015, some signs
of strain pre release have appeared.
According to present records of small earthquakes and
moderateestrong earthquakes, the stress distribution char-
acteristics and the stress field show that in roughly uniform
stress field, there are some abnormal regions of strain distri-
bution in the northern margin of Ordos Block, and those re-
gions may be the hazardous places for the moderateestrong
earthquake in the future.
Acknowledgements
The authorwould like to thank the researcher Zhigang Shao
from China Earthquake Administration for providing the latest
GPS observation data, and thank reviewers for the comments
and suggestions. This research was supported by China Earth-
quake Administration “three provinces a research institution
and a university” strengthen earthquake tracking research
project in the juncture of Shanxi, Hebei and Inner Mongolia.r e f e r e n c e s
[1] Zhang Peizhen, Deng Qidong, Zhang Guomin, Ma Jin,
Gan Weijun, Min Wei. Strong earthquake activity and active
block in the mainland of China. Sci China (Series D)
2003;33(add):12e20 [in Chinese].
[2] Chen Xiaobin, Zang Shaoxian, Liu Yonggang, Wei Rongqiang.
The level motion of Ordos Block and its interaction withsurrounding block. J Grad Univ Chin Sci Acad
2005;22(3):309e14 [in Chinese].
[3] Fan Junxi, Ma Jin, Gan Weijun. Integrity of the movement
and the alternation of different directions in Ordos block. Sci
China (Series D) 2003;33(add):119e28 [in Chinese].
[4] Deng Qidong. Formation mechanism and characteristics of
tectonic movement of basin zone around the Erdos block.
Beijing: Seismological Press; 1985 [in Chinese].
[5] State Seismological Bureau, Ordos Activity Periphery Fault
System Research Group. Active fault system around Ordos
Block. Beijing: Seismological Press; 1998 [in Chinese].
[6] Xu Zhonghuai, Wang Suyun, Gao Ajia. Present-day tectonic
movement in the northeastern margin of the Qinghai-
Tibetan Plateau as revealed by earthquake activity. Acta
Seismol Sin 2000;22(5):472e81 [in Chinese].
[7] Zhang Guomin, Zhang Peizhen. Academic progress on the
mechanism and forecast for continental strong earthquake in
the first two years. Chine Basic Sci 2000;10:4e10 [in Chinese].
[8] Deng Shanquan, Sheng Shuzhong. The crustal stress field
around the Ordos Block. North China Earthq Sci
2015;33(2):55e62 [in Chinese].
[9] Sheng Shuzhong, Wan Yongge, Huang Jichao. Present
tectonic stress field in the circum-Ordos region deduced
from composite focal mechanism method. Chin J Geophys
2015;58(2):436e52 [in Chinese].
[10] Han Xiaoming, Liu Fang, Hu Bo, Zhang Fan. Space-time
distribution characteristics of the focal mechanism type in
HeTao seismic belt. J Jilin Univ Earth Sci Ed
2015;45(2):592e601 [in Chinese].
[11] Li Yanbao, Ran Yong kang, Chen Lichun, Wu Fuyao,
Lei Shengxue. The latest surface rupture events on the major
active faults and great historical earthquakes in Hetao fault-
depression zone. Seismol Geol 2015;37(1):110e25 [in Chinese].
[12] Li Duo, Zhou Shiyong, Chen Yongshun, Feng Yongge, Li Peng.
3-D lithospheric structure of upper mantle beneath Ordos
region from Rayleigh-wave tomography. Chin J Geophys
2012;55(5):613e23 [in Chinese].
[13] Li Yanxing, Zhang Jinghua, Guo Liangqian, Zhang Zhongfu,
Zhang Junqing. Counter clockwise rotation and geodynamics
of Ordos Block. J Geod Geodyn 2005;25(3):50e6 [in Chinese].
[14] Deng Qidong, Cheng Shaoping, Min Wei, Yang Guizhi,
Ren Dianwei. Discussion on the Cenozoic tectonic activities
and dynamics of the Ordos block. J Geomech 1999;5(3):13e20
[in Chinese].
[15] Xu Xiwei, Deng Qidong, Han Zhujun. Late Quaternary activity
and ancient earthquake research of the Huoshan piedmont
fault. Beijing: Seismological Press; 1993 [in Chinese].
[16] Seismological Bureau of Shanxi Province. Northern margin
active fault zone in Qinling. Beijing: Seismological Press; 1996
[in Chinese].
[17] Li Yongshan. Study on the Xi'an ground rupture and the
active faults in Weihe Basin. Beijing: Seismological Press;
2000 [in Chinese].
[18] Min Wei, Wang Ping, Yang Ping. The geometry
characteristics and Holocene slip rate of Luoshan east fault.
Act Fault Study 1994;3:140e50 [in Chinese].
[19] You Huichuan. Discuss on geological structure
characteristics and formation mechanism of the Hetao fault
basin one. Mod Crustal Mov Res 1985;1:88e97 [in Chinese].
[20] Li Ke, Wu Weimin, Yang Fa. Study of Daqingshan mountain
front active fault segment. Beijing: Seismological Press; 1994
[in Chinese].
[21] Wu Weimin, Nie Zongsheng, Xu Guilin. Study on active
faults Serteng Piedmont fault section. Act Fault Study
1996;5:113e24 [in Chinese].
[22] Chen Xiaobin, Zang Shaoxian, Wei Rongqiang. Is the stable
Ordos Block migrating as an entire block. Chin J Geophys
2011;54(7):1750e7 [in Chinese].
g e o d e s y and g e o d yn am i c s 2 0 1 6 , v o l 7 n o 6 , 4 5 1e4 5 8458[23] Xu Xiwei, Cheng Guoliang, Ma Xingyuan. Block rotation
patterns and power sources in North China and its adjacent
blocks. J China Univ Geosci 1994;19(2):129e38 [in Chinese].
[24] Che Zicheng, Liu Liang, Luo Jinhai. The regional tectonics in
China and its adjacent areas. Beijing: Science Press; 2002.
[25] Zhang Xi, Jiang Zaisen, Zhang Xiaoliang. Inversion of non
seismic dislocation of recent crustal horizontal movement in
North China. J Geod Geodyn 2002;22(3):40e5 [in Chinese].
[26] Gu Guohua, Zhang Jing. Time series results of GPS
observations of the crustal movement observation network
in China. J Geod Geodyn 2002;22(2):61e7 [in Chinese].
[27] Huang Liren. Analysis of noise characteristics of time series
of GPS standard station. J Geod Geodyn 2006;26(2):31e3 [in
Chinese].
[28] Huang Liren, Fu Yang. Noise analysis of GPS continuous
observation station. Acta Seismol Sin 2007;29(2):197e202 [in
Chinese].
[29] Wang Min, Shen Zhengkang, Dong Danan. Influence and
correct of non tectonic deformation on the position and time
series of GPS continuous station. Chin J Geophys
2005;8(5):1045e52 [in Chinese].
[30] Nie Zongsheng, Wu Weimin, Ma Baoqi. Surface rupture of
the A.D. 849 earthquake occurred to the east of Baotou City,
China, and discussion on its parameters. Acta Seismol Sin
2010;32(1):94e107 [in Chinese].
[31] Ran Yongkang, Chen Lichun, Yang Xiaoping, Han Zhujun.
Characteristics of the late Quaternary strong earthquake
recurrence in main active faults of northern margin of Ordos
Block. Sci China (Series D) 2003;33(add):135e43 [in Chinese].
[32] Fang Shengming, Zhao Chengbin, Chai Chizhang, Liu Baojin,
Feng Shaoying, Liu Mingjun. Seismic evidence of crustal
structures in the Yinchuan faulted basin. Chin J Geophys
2009;52(7):1768e75 [in Chinese].
[33] Gao Lixin, Zhang Hui, Dai Yong. Research on characteristics
of seismic activity in Ordos Block by strain accumulating and
releasing model. Northwest Seidmol J 2013;35(B12):54e60 [in
Chinese].
[34] Gutenberg B, Richter CF. Earthquake magnitude, intensity,
energy and acceleration (second paper). Bull Seismol Soc Am
1956;46:105e45.
[35] Kanamori H. The energy release in great earthquakes. J
Geophys Res 1977;82:2981e7.
[36] Beniof H. Earthquakes and rock creep. Bull Seismol Soc Am
1951;41:31e62.
[37] Gutenberg B, Richter CF. Seimicity of the earth. Geol Soc Am
Spec Pap 1941;34(1):1e133.
[38] Ma Hongsheng, Liu Jie, Zhang Guomin, Zhang Xiaodong,
Wang Hui, Wang Xinling, et al. Seismicity research in the sub
regions of Chinese mainland using strain accumulating and
releasing model based on G-R relation. Acta Seismol Sin
2005;27(4):355e66.[39] Earthquake Damage and Defense Department of China
Earthquake Administration. Modern earthquake catalogue
(A.D. 1912e1990). Beijing: China Science and Technology
Press; 1999 [in Chinese].
[40] Huang Weiqiong, Li Wenxiang, Cao Xuefeng. The second
study of seismic data integrity in China. Acta Seismol Sin
1994;16(4):423e31 [in Chinese].
[41] Gutenberg B, Richter CF. Mannitude and energy of
earthquakes. Ann Geofis 1956;9:1e15.
[42] Wen Xueze, Xu Xiwei, Long Feng, Xia Caifang. Frequency-
magnitude relationship models for assessment of maximum
magnitudes of potential earthquakes on moderately and
weakly active faults in eastern China mainland. Seismol Geol
2007;29(2):236e53 [in Chinese].
[43] Yi Guixi, Wen Xueze. The application and limitation of
multiple seismicity parameters to assessing current faulting
behavior and seismic potential of active fault zones. Seismol
Geol 2007;29(2):254e71 [in Chinese].
[44] Wang Hui, Cao Jianling, Jing Yan, Li Zhen. Spatial temporal
pattern of b-value before major earthquakes in the Sichuan-
Yunnan region. Seismol Geol 2012;34(3):531e43 [in Chinese].
[45] Liu Yanhui, Zhao Genmo, Wu Zhonghai, Jiang Yao. An
analysis of b-value characteristics of earthquake on the
southeastern margin of the Tibet an Plateau and its
neighboring areas. Geol Bull China 2015;34(1):58e70 [in
Chinese].
[46] Scholz CH. The frequency-magnitude relation of micro
fracturing in rock and its relation to earthquakes. Bull
Seismol Soc Am 1968;58(1):399e415.
[47] Wyss M. Towards a physical understanding of the
earthquake frequency distribution. Geophys J Int
1973;31(4):341e59.
[48] Wiemer S. Minimum magnitude of completeness in
earthquake catalogs: examples from Alaska, the Western
United States, and Japan. Bull Seismol Soc Am
2000;90(4):859e69.
Lixin Gao, postgraduate, major in earth-
quakemonitoring and forecasting research.
